Desert truffle is popular nutritious food that shows high content of protein, fibers, phenolic compounds and health promoting bioactive compounds. The aim of present study is to produce fortified functional biscuits by incorporated Dessert Truffle Powder (DTP). The effect of replacing 0 (control), 5%, 10% and 15% of wheat flour with DTP on chemical composition, antioxidant activity, physical properties and sensory characteristics of biscuits was investigated. The results revealed that the crude protein, ash and crude fiber content of prepared biscuits improved with the incorporation of DTP. Phenolic contents of fortified biscuits were increased gradually with increasing the level of DTP addition. Furthermore, all the selected levels of DTP incorporated in prepared biscuits showed a good ability in radical scavenging activity which ranged from 21.52% to 42.11%, compared to 2.08% in case of control biscuit. Data also indicated that replacing 5% and 10% of wheat flour with DTP in biscuit preparation resulted in high significance of spread ratio 8.78 and 8.59, respectively when compared to control biscuit which given 7.53. The lightness (L) and total intensity of biscuits were decreased from 71.19 to 60.31 and from 76.09 to 66.87 with increasing the substitution level of DTP in biscuits from 5% to 15%, respectively. Biscuits incorporated with DTP at up to 10% had the acceptable mean scores by panelists for all sensory attributes. There was no significant difference in overall acceptability of biscuits incorporated with 5% and 10% of DTP which recorded 7.4 and 7.5 and control biscuit 8.2, respectively. Thus, the present study concluded that replacing up to 10% of wheat flour with DTP enhanced the nutritional quality and antioxidant activity with acceptable sensory characteristics of biscuits. So, our study recommends encouraging the bakery products producers to incorporated DTP at 10% in biscuits production.
Properties

Introduction
Edible mushrooms are widely consumed in many parts of the world as an important food item for their significant role in human health and nutrition. Mushrooms are still used as a food garnish or can be taken regularly as part of the human diet or as functional food. Mushrooms have been consumed for their flavor, economic and ecological values and pharmacological properties for many years [1] . Mushrooms are considered as highly nutritive food due to their low content of calories, fats, and high content of proteins and vitamins as well as their protective roll against chronic disease [2] . The medical functions of edible mushrooms include reducing cholesterol, lowering blood pressure, strengthening the immune system against diseases, combating tumors and improving the liver functions [3] [4] .
Desert truffle (called EL-Fag'a or EL-Kamah) is a kind of edible fungi that grows naturally after rainy season in the deserts of Saudi Arabia, North Africa (Egypt, Tunisia, Algeria, Morocco) and other parts of the world [5] . Locally, it has an acceptable flavor and it is known as highly nutritious seasonal food. There are many species of edible desert truffle, among of them is the dark brown color truffle, Terfezia claveryi (Family, Terfeziaceae). Akyüz [6] mentioned that desert truffle was rich in linoleic, oleic and palmitic acids, and rich in flavonoids that made it show a high free radical scavenging activity. In a different study, there was a correlation between antiradical activities as antioxidant and dried desert truffles from four different Middle Eastern countries and phenolic contents [7] . Terfezia claveryi exhibits a higher oxidative inhibition on lipid peroxidation and has the ability to scavenge nitric oxide radical. Therefore, desert truffle can be used as a source of phenolic compounds that could improve antioxidant activity when added to other food products [8] .
Biscuits are convenient, very popular, ready to eat, inexpensive and are considered as an important product in human diet, as well as used for infants as weaning foods. It is also used as a snack in schools for the school going children who are often underweight [9] . Not only long shelf-life of biscuits makes large scale production and distribution possible but also good eating quality makes biscuits more attractive for protein fortification and other nutritional improvements [10] .
Wheat flour is the basic ingredient used in the production of biscuits which is deficient in various nutrients including vitamins, minerals and dietary fiber. Wheat flour also lacks essential amino acids such as lysine, tryptophan [11] . Partial replacements of wheat flour with other nutritional ingredients to produce functional bakery products are in high demand.
Up to our knowledge, in the literature, there is no published work on the effect of dessert truffle on the quality properties and antioxidant capacity of biscuits. Therefore, the objective of the present study was to evaluate the impact of DTP on proximate analysis, physical properties, color attributes, sensory evaluation and antioxidant capacity of biscuits.
Materıals and Methods
Materials
Commercial soft wheat flour (72% extraction), shortening, sugar and skimmed milk powder were purchased from the local market, Buraidah, Qassim, Saudi Arabia. Food grade dextrose, sodium chloride, sodium bicarbonate and ammonium bicarbonate were used in biscuits making. Sodium carbonate and methanol were obtained from ElGomhoreya Co., Cairo, Egypt. 1,1-diphenyl-2-picrylhydrazyl radical (DPPH) and Folin-Ciocalteus phenol reagent was purchased from Sigma-Aldrich Inc. (St Louis, MO, USA).
Methods
Preparation of DTP
Desert truffle (Terfezia claveryi) fruiting bodies were collected from Buraidah; Qassim, Saudi Arabia during February 2016, washed, sliced and dried at 65˚C in an air-circulated oven until constant weight. Dried slices were milled to homogenous powder and sifted through diameter 60 mesh (250 μm). The DTP was kept in closed bottle at 4˚C until analysis and biscuits making.
Preparation of Biscuit Samples
Biscuit samples were prepared by replacing 5%, 10% and 15% of wheat flour with DTP according to the method described by Leelavathi and Haridas [12] . The formula used was as follows: 200 g wheat flour, 60 g sugar, 50 g shortening, 2 g sodium chloride, 0.8 g sodium bicarbonate, 3 g ammonium bicarbonate, 4 g dextrose, 4 g skimmed milk powder and 40 -42 ml water. The shortening and sugar were creamed in a Hobart mixer (N-50) with a flat beater for 3 min at 61 rpm (speed 1). Sodium bicarbonate, sodium chloride and ammonium bicarbonate were dissolved in water and added.
Skimmed milk powder was made into suspension with water and transferred to the cream. The contents were mixed for 6 min at 125 rpm (speed 2) to obtain a homogenized and creamy texture. Sieved flour was added to the cream and mixed for 2 min at 61 rpm (speed 1). The dough pieces were sheeted to a thickness of 3.5 mm, cut using a circular mould (51 mm diameter) and baked at 205˚C for 8 -9 min. After baking, biscuits were left to cool at room temperature and were wrapped tightly with polypropylene pouches and kept until further analysis.
Proximate Analyses
Wheat flour, DTP and prepared biscuit samples were analyzed for their moisture, ash, crude protein, lipids and crude fiber contents according to the methods described in AOAC [13] . The moisture content was determined by oven drying methods. Nitrogen content was estimated by micro-Kjeldahl method and converted to protein by multiplying with the factor 5.70 for wheat flour and 6.25 for DTP and prepared biscuit sam-ples. The lipids were determined by extracting a known weight of samples with petroleum ether, using a Soxhlet apparatus. Total carbohydrates were calculated by the difference.
Preparation of Truffle Powder and Biscuits Extractions
The extracts of DTP and biscuit samples were obtained as described by Bloor [14] . Half gram from each of DTP and biscuit samples were extracted with 20 ml of methanol:
water (60:40 v/v). The mixture was centrifuged and the supernatant was adjusted to 25
ml. An aliquot of their extracts were used for the quantification of total phenolic and antioxidant activity.
Determination of Total Phenolic Content
Total phenolic content was measured by the Folin-Ciocalteu assay along with spectrometer as described by Singleton et al. [15] . Aliquots of 0.5 ml of each extracts were added to 0.5 ml of Folin-Ciocalteu reagent, followed by addition of 0.5 ml of an aqueous 20% solution of sodium carbonate. The mixture was stirred and allowed to stand for 30 min. The absorbance at 765 nm was measured using a model UV/VIS 1201 spectrophotometer (Shimadzu, Kyoto, Japan). A blank sample consisting of water and reagents was used as a reference. Gallic acid was applied as a standard, and the results were expressed as mg Gallic Acid Equivalent (GAE)/per g.
Measurement of Antioxidant Activity (DPPH Free Radical Scavenge)
The ability of the extracts to scavenge DPPH free radicals was determined by the method described by Blois [16] . Aliquots (100 μl) of each extracts were mixed with 2.9 ml of 0.1 mM DPPH in methanol. The control samples contained all the reagents except the extract had been used. The absorbance at 517 nm was measured after 30 min of incubation at room temperature. The remaining DPPH free radical was determined by absorbance measurement against methanol blanks. The percentage scavenging effect was calculated from the reduction of absorbance against control (DPPH radical solution in methanol without sample) using the following equation:
Scavenging activity% = [(Abs control − Abs sample )/Abs control ] × 100
Physical Measurements of Biscuits
Diameter (W) of biscuits was measured by laying six biscuits edge-to-edge with the help of a scale. The same set of biscuits was rotated 90˚ and the diameter was remeasured. Average values of biscuits were reported in millimeter according to Srivastava et al. [17] . Thickness (T) of biscuits was measured by stacking six biscuits on top of one another and taking the average in millimeter. The spread ratio was calculated by dividing diameter (W) by thickness (T).
Color Measurements of Biscuits
Color of biscuit surface samples was determined according to the tristimulus color system described by Francis [18] using spectrophotometer (MOM, 100D, Hungary). Color coordinates X, Y & Z were converted to corresponding Hunter L*, a* & b* color coor-dinates according to formula given by manufacturer. The chroma (C) represents color saturation or purity was calculated from C = (a2 + b2)1/2 and total color intensity (a2 + b2 + L2)1/2.
Sensory Evaluation of Biscuits
Biscuits incorporated with DTP were coded with different numbers and submitted to sensory evaluation by ten member semi trained panels of food science and human nutrition department staff. The panelists were asked to rate each sensory attribute using the control biscuit as the basic for evaluation. Biscuits were evaluated for appearance, surface color, interior color, texture, aroma, taste and overall acceptability on a 9-point hedonic scale [10] .
Statistical Analysis
Descriptive values of data were represented as means ± standard errors. Statistical analysis was performed using one way analysis of variance (ANOVA) followed by Duncan's Multiple Range Test with P ≤ 0.05 being considered statistically significant (Snedecor and Cochran, 1980) [19] . Statistical analysis was conducted with SAS program (SAS, 1996) [20] .
Results and Discussion
Chemical Composition of Wheat Flour and DTP
Wheat flour used in biscuit preparation and DTP were analyzed for proximate composition and the data are presented in Table 1 . The obtained data revealed that the DTP was significantly (P ≤ 0.05) higher in chemical parameters contents except in carbohydrate content. Results showed that DTP was rich in minerals, protein and fiber, being 5.30%, 18.74% and 8.54%, respectively which consider very important to use in bakery products fortification and enhance the nutritional quality of the product. The results are in accordance with [21] [22]. Table 2 Show proximate composition of biscuit samples prepared by replacing 5%, 10%
Proximate Composition of Biscuit with Truffle Powder
and 15% of wheat flour with DPT compared to control sample. The results indicated that adding DTP to prepared biscuits caused significant (P ≤ 0.05) increase in their moisture contents ranged from 5.23% to 6.29% compared to control biscuit which given 3.73%. Biscuit samples with 10% and 15% desert truffle powder recorded significant (P ≤ 0.05) increase in ash contents being 1.09% and 1.21%, respectively compared to Table 1 . Proximate composition (% on dry weight basis) of wheat flour and DTP. control biscuit, this result could be attributed to the high ash content of used DTP. The same trend was found in case of crude protein and crude fiber, where the highest level 15.61% and 6.21%, respectively were given by biscuit sample prepared with adding 15% of truffle powder with significant (P ≤ 0.05) increase compared to other biscuit samples and control one. These findings are in agreement with previous studies conducted by [23] [24] whose reported that the protein, ash, crude fiber and β-glucan content of the biscuits improved with the incorporation of grey oyster mushroom powder.
Bioactive Compounds in Biscuits İncorporated DTP
From the data presented in Table 3 , it could be noticed that DTP are a good source of total phenolic and it had a great free radical scavenging activity. Also, there was a significant difference in total phenolic compounds that was accompanied by an elevation in the scavenging activity between all DTP treatments. These results are in agreement with those of [25] . The level of phenolic content of biscuit samples was increases proportionally with level of DTP addition. In addition, by their free radical scavenging capacities, all the level of desert truffle powder incorporated in biscuits showed a good ability in radical scavenging activity (21.52% -42.11%), while it was only 2.08% in the case of the control. These results are also in agreement with those found by [26] who determined antioxidant activity and phenolic compounds in biscuit supplemented with mango by-products. Therefore, DTP can be considered as a functional food ingredient because of their antioxidant properties. 
Physical Measurements of Biscuits
The effect of replacing 5%, 10% and 15% of wheat flour with DTP on physical properties of biscuits was studied and the data are tabulated in Table 4 . The results showed that all selected treatments resulted in significant (P ≤ 0.05) increase in biscuit diameter when compared to control (54.80 mm). The higher diameter (59.40 mm) was given by using 10% of DTP without significant difference with biscuit sample containing 15% of DTP which recorded 59.10 mm. Data also indicated that incorporation of 15% of DTP in biscuit preparation caused significant (P ≤ 0.05) increase in thickness (8.00 mm) compared to other treatments and control which given 7.30 mm. It was known that biscuits having higher spread ratios are considered most desirable, in our study we found that biscuit prepared with replacing 5% and 10% of wheat flour with desert truffle powder recorded the highest spread ratio being 8.78 and 8.59, respectively with significant (P ≤ 0.05) increases when compared to control biscuit which given 7.53. These results are in accordance with [21] .
Color Parameters of Biscuits
Color of biscuit is an important characteristic for consumer preference and it depends on physicochemical parameters of used raw materials and baking. The L*, a*, b*, total intensity and chroma for prepared biscuit samples containing DTP were analyzed and the data are shown in Table 5 . It could be observed that control biscuit had the signifi- Data are the mean ± SE, n = 3, Mean values in the same column bearing the same superscript do not differ significantly (P ≤ 0.05).
Sensory Quality of Biscuits
Sensory characteristics of prepared biscuits with different levels of DTP were evaluated compared to control biscuit and the results are found in Table 6 and Figure 1 . It was noticed that incorporation of 5% and 10% DTP in biscuits caused relatively low score in appearance (6.8 & 6.9) and dark surface color (6.8 & 6.4) , respectively when compared to control biscuit which recorded the highest scores in appearance 8.0 and surface color 7.9. The increase in darkness was reflected in L* values (Table 4) ; which due to the dark color of used DTP. At the same time from Figure 1 . It could be noticed that as the amount of DPT was increased, the appearance of biscuits became darker; data also indicated that texture and aroma of studied biscuit samples were acceptable by panelists and without significant (P ≥ 0.05) difference with control biscuit. 
Conclusion
This research was carried out to enhance the prepared biscuits by incorporated desert truffle powder which was considered as a good source of phytochemicals components like crude fibers, proteins, polyphenols compounds, health-promoting bioactive compounds and free radical scavenging activity. It could be concluded that replacing up to Data are the mean ± SE, n = 6, Mean values in the same column bearing the same superscript do not differ significantly (P ≤ 0.05). L*: lightness; a*: redness; b*: yellowness. Table 6 . Sensory characteristics of biscuits incorporated with desert truffle powder.
Samples Appearance (9) Surface color (9) Interior color (9) Texture (9) Aroma (9) Taste (9) Overall acceptability (9) Control (0%) 8.0 ± 0.37 10% of wheat flour with desert truffle powder improved the antioxidant activity and nutritional quality with acceptable sensory characteristics of prepared biscuits. At the same time, it might be possible to maximize the benefit of the desert truffle and be a preferred functional product for consumers, especially children who like biscuits. We encourage such work to find new and novel sources of food nutraceuticals.
